Hypercoupling of activity in speech-perception-specific brain networks has been proposed to play a role in the generation of auditory-verbal hallucinations (AVHs) in schizophrenia; however, it is unclear whether this hypercoupling extends to nonverbal auditory perception. We investigated this by comparing schizophrenia patients with and without AVHs, and healthy controls, on task-based functional magnetic resonance imaging (fMRI) data combining verbal speech perception (SP), inner verbal thought generation (VTG), and nonverbal auditory oddball detection (AO). Data from two previously published fMRI studies were simultaneously analyzed using group constrained principal component analysis for fMRI (group fMRI-CPCA), which allowed for comparison of task-related functional brain networks across groups and tasks while holding the brain networks under study constant, leading to determination of the degree to which networks are common to verbal and nonverbal perception conditions, and which show coordinated hyperactivity in hallucinations. Three functional brain networks emerged: (a) auditory-motor, (b) language processing, and (c) default-mode (DMN) networks.
| I N TR ODU C TI ON
Coordinated hyperactivity or hypercoupling 1 in speech-perceptionrelated brain regions has been implicated in the generation of auditoryverbal hallucinations (AVHs) in schizophrenia. Studies examining functional brain activity during the experience of hallucinations have reported activation of language and auditory regions (e.g., Broca's area, middle/superior temporal gyri; Allen et al., 2012; Jardri, Pouchet, Pins, & Thomas, 2011) , findings which are supported by network-based connectivity analyses (Hoffman, Pittman, Constable, Bhagwagar, & Hampson, 2011b; Thoma et al., 2016) . Trait studies, in which functional brain activity is compared between patients with and without a history of AVHs, have also demonstrated hypercoupling/coordinated hyperactivity within auditory/language networks in AVH patients at rest (Alderson-Day et al., 2016; Shinn, Baker, Cohen, & € Ong€ ur, 2013) ; however, findings of task-based trait studies are less consistent (Ćurčić-Blake et al., 2017) , with some reporting hypoactivity (Kompus, Westerhausen, 1 A clear distinction between coordinated hyperactivity and hypercoupling is not possible with functional connectivity analyses. Brain regions with correlated and strong activations over time, which emerge on the same functional network (e.g., as a result of singular value decomposition or component analysis), can be considered coupled, and do so because they increase and reduce activation in a coordinated fashion over time. Highly coordinated and strong increases/decreases in activity lead to higher intercorrelations between regions, and can be interpreted as coordinated hyperactivity and/or hypercoupling. These terms are, therefore, used interchangeably. & Hugdahl, 2011) , suggesting interference between AVHs and external auditory processing (Hugdahl, 2015) , and others reporting hyperactivity in similar regions (Hoffman, Fernandez, Pittman, & Hampson, 2011a; Lavigne et al., 2015b) . These equivocal findings are likely due to differences in the tasks and statistical analysis techniques employed. In a previous study, we observed hypercoupling during speech perception (SP) in AVH patients relative to non-AVH patients within a network of speech-related brain regions (e.g., bilateral superior temporal gyri, left inferior frontal gyrus) consistent with symptom capture and restingstate studies. This hypercoupling in AVH patients was not observed during inner verbal thought generation (VTG), suggesting that it is not present when control is exerted over verbal material, as with inner speech (Lavigne et al., 2015b; Rapin et al., 2012) .
Several theoretical accounts of AVHs also point to hyperactivity in speech-related brain regions as a contributing factor. Ford and Hoffman (2013) and Hoffman et al. (2011a) proposed that spontaneous activation of verbal imagery results in AVHs due to a hyperconnected corticostriatal loop (left inferior frontal gyrus, Wernicke's area and right homologue, and bilateral putamen) in combination with top-down factors in the form of efference copy (Ford, Roach, Faustman, & Mathalon, 2007) . Several other theories highlight the importance of hypersensitivity of auditory cortex as a bottom-up process involved in the generation of AVHs, either as a primary feature (e.g., breakaway speech/ unbidden thoughts; Hoffman, 1999 Hoffman, , 2010 , or as a factor involved in the interplay between top-down and bottom-up processes (Aleman and Vercammen, 2013; Ćurčić-Blake et al., 2017) .
Given the verbal nature of most auditory hallucinations, this hyperactivity may be specific to perception of verbal material. This should be tested by directly comparing functional brain activity between patients with and without AVHs during contrasting verbal and nonverbal auditory perception tasks. In this study, we investigated this by combining already-available data: one set from our laboratory involving the verbal sentence task (SP and VTG conditions) described above (Lavigne et al., 2015b) , and another from the publicly available Function Biomedical Informatics Research Network (fBIRN) phase II multisite study involving a nonverbal auditory oddball (AO) task (Friedman et al., 2008; Keator et al., 2008) . The auditory oddball task is commonly used in schizophrenia research on attention and salience detection (Kim, 2014) , and is a theoretically interesting comparison condition because it requires auditory perception in the absence of a verbal component. That is, there are two aspects of speech perception that might contribute to hyperactivity in auditory (and language) regions in AVHs, the verbal component and the auditory component. VTG includes the verbal, but not auditory, component, whereas AO includes the auditory, but not verbal, component of SP. Simultaneous investigation of these three tasks provides a means of examining the speech-specificity of hyperactivity in auditory and language networks in AVHs.
We have previously published analyses of these two datasets separately (Lavigne, Menon, & Woodward, 2016; Lavigne et al., 2015b) , and found an association with hallucinations for the verbal speech perception task (Lavigne et al., 2015b) , but not the nonverbal AO task , providing preliminary support for the proposition that hyperactivity is specific to verbal material. However, comparing these two results in this indirect fashion is not conclusive because different brain networks emerged in the two studies. Ideally, the brain networks under study would be held constant, and activation in the associated hemodynamic response (HDR) shapes would be compared between tasks and groups. We have previously developed methodology to do this (Lavigne, Metzak, & Woodward, 2015a) , but in that work compared two versions of the same task, not two tasks with different perceptual content.
This task-combination methodology and patient-group comparison involved using group constrained principal component analysis for functional magnetic resonance imaging (group fMRI-CPCA; Hunter and Takane, 2002; Metzak et al., 2011; Takane and Shibayama, 1991; Woodward et al., 2015; Woodward, Leong, Sanford, Tipper, & Lavigne, 2016) on the combined dataset. This allows identification of the degree to which functional brain networks are involved in all task conditions, provides spatial and temporal information for each network, and allows statistically-based group comparisons of HDR response shapes. For this study, based on our past work (Lavigne et al., 2015b , we expected to identify auditory and language processing networks, and hypothesized that schizophrenia patients with AVHs, relative to those without and healthy controls, would show hypercoupling in both of these networks for SP, but not for VTG (no overt language perception) or AO (nonverbal material), which would confirm that hyperactivity specific to perceived speech-related brain regions plays a role in AVHs in schizophrenia.
| M ET HOD S

| Participants
Participants were schizophrenia patients and healthy controls from two functional magnetic resonance imaging (fMRI) datasets. The first dataset consisted of 27 healthy controls, 11 non-AVH, and 12 AVH schizophrenia patients who performed a verbal sentence task including speech perception and inner verbal thought generation conditions (Lavigne et al., 2015b) . Mean illness duration was 14.05 years (SD 5 10.14), and all but one patient was currently taking antipsychotic medication.
Nineteen patients were taking an atypical antipsychotic, and two were taking a typical antipsychotic, as their primary medication. Fourteen patients were also taking a second antipsychotic medication (2 typical, 12 atypical), and four were taking a third atypical medication (1 missing data The second dataset was acquired from the publicly available fBIRN phase II multisite study (Friedman et al., 2008) , which consists of data As with the sentence task sample, patients scoring >2 on the hallucinations item were included in the AVH group. Observation of scores on the SAPS items Voices Commenting and Voices Conversing confirmed that most hallucinating patients experienced AVHs; however, the presence of AVHs could not be confirmed in eight patients who reported auditory hallucinations, as the AVH-specific items were not endorsed or were scored below the same cutoff value of 2. Nineteen patients also reported multimodal hallucinations (10 somatic-tactile, 6 olfactory, 13 visual). All patients were stable and had no changes in their medications in the two months prior to testing; however, additional information regarding medication and illness history was not available, which precluded us from comparing the two samples on these measures. All fBIRN sites received local Institutional Review Board approval. Participants were presented with a noun (object) and its corresponding image (e.g., Table) and instructed to either listen to (speech perception condition; SP) or mentally generate (inner verbal thought generation condition; VTG) a simple definition of the word (e.g., Something you eat dinner on; see Figure 1a ,b, respectively). The SP and VTG conditions were presented in blocks consisting of 15 trials each (30 trials total for each condition across two runs), with an intertrial interval (ITI) between stimuli, and a 60 s rest break between the two conditions.
The ITI was exponential to optimize deconvolution of the blood oxygenation level dependent (BOLD) signal (Serences, 2004) , and lasted from 2 to 20 s (mean 5 4.46 s). Stimuli were randomly assigned to each condition for each participant separately. The conditions were cued with the words "listen. . ." and "something you. . ." presented under the images in the SP and VTG conditions, respectively, in order to ensure that at least some words were mentally generated on every trial, and to minimize any interpretational confounds between conditions. Following the experiment, participants were asked whether or not they experienced hallucinations during the scanning session. One patient reported active AVHs during the speech perception trials, and one patient reported tactile hallucinations during the thought generation trials (data were missing for two subjects).
| fBIRN auditory oddball task
The two-tone AO task ( Figure 1c ) involved listening to a series of tones and indicating with a button press when a target tone (i.e., a tone deviating in frequency) was presented. Four runs of the auditory oddball Hallucinations type
Note. Abbreviations: AVH 5 auditory verbal hallucinations; SD 5 standard deviation.
task were completed in each of two sessions, leading to a total of eight runs per subject that each lasted 280 s. Each run began with 15 s of silence, followed by a series of tones lasting 100 ms each, with 500 ms interstimulus intervals between them; a 15 s period of silence indicated the end of each run. The majority of the tones (standard tones; 95% occurrence) were presented at a frequency of 1,000 Hz and the remaining tones (target tones; 5% occurrence) were presented at a frequency of 1,200 Hz. The latency between two target tones varied between 6 and 15 s, allowing for deconvolution of the BOLD signal (Serences, 2004) . Auditory stimuli were presented binaurally through headphones. Prior to the functional scan, participants adjusted right and left ear volumes to a test stimulus to ensure the tones could be heard over scanner noise. Participants were instructed to focus on a black fixation cross displayed on a grey screen throughout the run, and to respond with a button press when they heard the target tone. Stimuli were presented using E-Prime software (http://www.pstnet.com/ products/e-prime/). After the experiment, patients were asked whether they experienced hallucinations during the scanning session, with one patient reporting AVHs "almost constantly," one "occasionally," and one reporting visual hallucinations occasionally (data were missing for 11 subjects).
| Image acquisition and processing
Imaging for the sentence task data was performed at the University of Imaging for the fBIRN data was performed at five sites (one site was excluded during quality control; Lavigne et al., 2016) across the United States of America, for which imaging parameters were matched as closely as possible based on preliminary testing (Friedman et al., 2008; Magnotta and Friedman, 2006) 
| Data analysis
2.4.1 | Group fMRI-CPCA fMRI data analysis was carried out using constrained principal component analysis for fMRI to compare groups (group fMRI-CPCA) with orthogonal rotation (Metzak et al., 2011; Metzak et al., 2012; Woodward et al., 2006; Woodward, Feredoes, Metzak, Takane, & Manoach, 2013) . The theory and proofs for CPCA are detailed in previously published work (Hunter and Takane, 2002; Takane and Hunter, 2001; Takane and Shibayama, 1991) . The fMRI-CPCA application is available on-line, free of charge (www.nitrc.org/projects/fmricpca). fMRI-CPCA computes (via PCA) components representing functional brain networks on blood-oxygen level-dependent (BOLD) signal for which variance has been constrained (via multivariate multiple regression) to that predictable from task timing, and provides both spatial (dominant brain regions) and temporal (hemodynamic response shapes) information for each task-based functional brain network. When applied to multiple datasets, group fMRI-CPCA allows for visualization of task-common and task-specific networks, through observation of spatial and temporal replication across tasks within each network (Lavigne et al., 2015a; Ribary et al., 2017) . with subjects, runs, and scans stacked vertically to produce Z. In G, a value 1 was placed in rows for which BOLD signal amplitude was to be estimated, and the value 0 in all other rows, creating "mini boxcar"
functions. The columns of G code 7 poststimulus time points for each condition (SP, VTG, AO) for each of the (combined) 158 subjects, totaling 3,318 columns (7 3 3 3 158 5 3,318). These time points reflect different poststimulus time points in each study due to the difference in TR across studies, and are converted to seconds in the figures and results section to facilitate interpretation. Group fMRI-CPCA proceeds in two steps. First, the data matrix, Z, is regressed onto the design matrix, G, which partitions the overall variance into predicted and residual scores. The matrix predicted scores, which reflects variance in BOLD signal that is predictable from task timing, is then submitted to a principal component analysis (PCA), resulting in task-specific functional brain networks.
| Relation to experimental conditions
Group fMRI-CPCA produces predictor weights for each combination of subject, task condition, and poststimulus time. These predictor weights, which provide estimates of the engagement of functional networks, can be analyzed statistically to determine whether or not they reflect reliable and biologically plausible HDR shapes, and whether differences between groups and/or task conditions exist within each network.
These analyses were carried out for each task condition separately as three 3 3 7 3 3 mixed-model ANOVAs (one each for SP, VTG, and AO), with the within-subjects factors of Component (3 components were extracted) and Poststimulus Time (7 whole brain scans after stimulus onset), and the between-subjects factor of Group (control, non-AVH, AVH). Significant three-way interactions were followed up with separate 7 3 3 ANOVAs for each component, and significant two-way interactions were followed up with simple contrasts comparing each 
| R E SU LTS
| Group fMRI-CPCA
Inspection of the scree plot (Cattell, 1966; Cattell and Vogelmann, 1977) of singular values suggested three components should be extracted. The percentages of task-related variance accounted for by each component were 23.27%, 7.34%, and 4.60%, for Components 1 to 3, respectively. All components/tasks showed a significant effect of Poststimulus Time (all ps < .001; see Figures 2-4) . Visual inspection of the predictor weights for each task condition confirmed a biologically plausible hemodynamic response shape for all components for SP and VTG task conditions, and for AO Component 1. Although AO Components 2 and 3 were reliable, they were not clearly valid with respect to a standard fMRI BOLD signal, opening the possibility that subtle but reliable coordinated (de)activations, uncorrected movement, or tasktiming-predictable blood flow changes could contribute to this pattern.
| Anatomical descriptions
The cortical regions associated with Components 1-3 are displayed in 
| Relations to experimental conditions
The three-way interactions were not significant for SP or VTG (ps > .63). Therefore, for verbal conditions, the components were combined and 7 (Poststimulus Time) 3 3 (Group) ANOVAs were computed for each task condition separately. For SP (Figure 2) showed significantly increased activity in (a) AVH patients relative to controls at 3.75, 6.25, and 8.75 s; (b) AVH relative to non-AVH patients at 6.25 and 8.75 s; and (c) non-AVH relative to both controls and AVH patients at 13.75 s. For VTG (Figure 3) , a significant Poststimulus Time 3 Group interaction, F(12,282) 5 2.94, p < .05, h 2 p 5 .11, and a significant main effect of Group, F(2,47) 5 3.43 p < .05, h 2 p 5 .13, were observed. Simple contrasts of group at each time point revealed that this interaction was due to increased activity in AVH patients relative to controls at 6.25 and 8.75 s. Although no significant differences emerged between AVH and non-AVH patients nor between controls and non-AVH patients on VTG, activity in the non-AVH group was situated midway between controls and AVH patients at peak, which also contributed to the significant interaction effect.
For AO (Figure 4 This was interpreted using simple contrasts. For the Auditory-Motor network (Component 1), this revealed increased activity in controls relative to both non-AVH, at 7 s, and AVH patients at 5 and 7 s. For the Language Processing Network (Component 2), controls showed greater activity than both patient groups at 7 and 9 s. In contrast, controls showed decreased intensity (i.e., both lesser activations and deactivations) relative to non-AVH patients at 7, 9, and 11 s and AVH patients at 7 and 9 s on the DMN (Component 3). There were no significant differences between the patient groups on any of the three components.
| D ISC USSION
In this study, we investigated whether hypercoupling in speech-related brain networks in schizophrenia patients with AVHs is specific to verbal material by combining previously published data from verbal (SP, VTG) and nonverbal (AO) auditory fMRI datasets in schizophrenia patients with and without AVHs and healthy controls. Using a statistical analysis technique allowing for comparison of coordinated activity in taskrelated brain networks across groups and tasks while holding the network under study constant, we identified separate auditory-motor, language processing, and default-mode networks. During SP, AVH patients showed hypercoupling across all networks relative to the other groups; during VTG, AVH patients showed hypercoupling relative to controls, but did not differ from non-AVH patients, replicating our previous study (Lavigne et al., 2015b) . Finally, diagnosis-specific rather than symptom-specific differences were observed for all three components during AO, suggesting that hypercoupling in speech-related brain networks (and the DMN) in AVH patients is specific to verbal perceived stimuli. These findings are consistent with symptom capture and resting state studies pointing to hyperactivity in speech and auditory networks as an important factor in the generation of AVHs in schizophrenia (Ćurčić-Blake et al., 2017) , and support the notion that this hypercoupling is a core feature of AVHs in schizophrenia, and is not present when control is exerted over verbal material, such as during inner speech.
By combining data from separate studies, and using group fMRI-CPCA to extract common networks, we were able to identify common and distinct functional brain networks elicited by each experiment.
Much like including multiple conditions in a single study, this method provides a means of comparing network-level HDR shapes for different tasks on the same networks, overcoming the confounding factor of comparing different brain networks across tasks (Lavigne et al., 2015a; Ribary et al., 2017) . Thus, the auditory-motor network showed strong coordinated activations for SP and AO, both of which involved auditory stimuli, but not for VTG, for which sentences were internally generated. In contrast, the language processing network showed strong coordinated activations for the verbal tasks (VTG and SP), but not for the nonverbal AO task. Importantly, combining the AO and sentence tasks allowed the auditory-motor and language networks to separately emerge, whereas they were aggregated onto one network in our previous sentence task study (Lavigne et al., 2015b) . These differential patterns of coordinated activity across tasks, along with the networks' spatial configurations, allow us to interpret the function of these networks with increased accuracy, and provide a more fine-grained understanding of the networks (and subnetworks) underlying AVHs in schizophrenia.
| Auditory oddball (AO)
Although the auditory-motor network showed the greatest degree of activity during AO, AO showed no differences between the hallucination-based patient groups on this (or the other two) networks.
These findings provide evidence that the hypercoupling in speechrelated brain networks observed in SP is not present during presentation of nonverbal auditory stimuli in schizophrenia patients with AVHs.
Instead, patients showed hypoactivity, or reduced coupling, in this network regardless of hallucination status during oddball processing, which is in line with previous research on auditory oddball processing in schizophrenia (Kim, 2014; Wynn et al., 2015) , and is also consistent with our previously published study . Moreover, in addition to auditory-motor regions, this network included nodes of the ventral attention network (i.e., bilateral insula and anterior cingulate cortex), which has been strongly implicated in auditory oddball deficits in schizophrenia (Kim, 2014) .
AO produced a reliable but not clearly biologically plausible HDR shape on the language processing network, suggesting that, as expected given the nonverbal nature of the task, this task does not elicit standard linguistic processes. This supports our selection of AO as a suitable comparison task condition for the current study. In fact, AO showed evidence of deactivity on this network during target detection, a finding suggesting suppression of language regions (relative to baseline) during nonverbal auditory processing. Despite the reduced activation observed on this network in AO relative to the other tasks, we were still able to detect group differences. As with the auditory-motor network, these were diagnosis-rather than symptom-based, and
showed a similar pattern of decreased activity in patients relative to controls, with no differences between hallucination-based patient groups.
| Verbal thought generation (VTG)
No significant differences between hallucination-based groups were observed during VTG. Although AVH patients demonstrated increased activity in all three networks relative to controls, this activity did not differ from that of non-AVH patients, which, in turn, did not differ from controls. These findings differ slightly from our previous study, in which both patient groups showed significantly greater activation than controls on VTG, and was interpreted as reflecting top-down processes in terms of expectation of control over verbal material. Although the sentence task samples were identical between the two studies, these between-study differences could be explained by the novel networks that emerged from the new analysis, and/or the reduced cutoff for hallucination severity used in order to equate the groups across studies, which may have obscured the previously reported effect in this study.
However, this absence of difference between groups should be interpreted with caution, as they may become significant with increased power. As was the case with the other two networks, only diagnosisbased differences emerged on the DMN for AO and VTG, with differences emerging between the AVH and non-AVH groups during SP.
| Default-mode network (DMN)
The DMN is commonly associated with self-referential processing and recollection of autobiographical memories (Buckner et al., 2008) , but also shows increased deactivation during reality monitoring, which involves distinguishing between information that is self-or othergenerated . Since the DMN consists of negative loadings, increased deactivations can also be interpreted as decreased activations for the DMN; therefore, decreased coordinated activation for the DMN network in hallucinations may contribute to a loss of self-source tags (alienation) for verbal material, leading to inner, verbal thought generated events being experienced as not inner or not self-generated, or as neither (Larøi and Woodward, 2007; Woodward and Menon, 2013) 
| Other literature
Using a larger sample of the fBIRN AO dataset, Ford et al. (2009) reported hypoactivity in left primary auditory cortex in AVH relative to non-AVH patients, interpreting this as oddball tones competing for neural resources with voices. Although these findings appear to contradict the current results, it is difficult to directly compare them due to differences in the subsamples used, as well as the use of different analysis techniques. Particularly, our use of a network-based connectivity method may not detect a region-specific effect, although a regionspecific effect should still emerge on a distinct network. Research using other nonverbal auditory tasks has also reported differences between hallucinating and nonhallucinating patients, for example, in pitch discrimination and melodic streaming (McLachlan, Phillips, Rossell, & Wilson, 2013 ) and spoken nonverbal sounds (Rossell and Boundy, 2005) .
There is also evidence that auditory imagery recruits similar regions to AVHs, with one study finding that the timing of activation in the SMA distinguished between the two conditions (Linden et al., 2010 ). Our VTG condition shows similarities to auditory imagery; however, due to the network-based nature of the analysis, we were not able to distinguish between timing of activation in the SMA and auditory regions, as these emerged on the same network. From the current findings, we can conclude that the networks showing hypercoupling in AVH patients during SP do not show the same pattern during the presentation of nonverbal auditory oddball stimuli. Future research will be necessary to tease apart these seemingly contradictory findings.
Although there is robust evidence that auditory and language networks are more active during hallucination-on than hallucination-off periods (Jardri et al., 2011) , the trait-based literature is more equivocal.
For example, a meta-analysis comparing brain activations during the experience of hallucinations versus external auditory stimuli in AVH patients suggested that external sounds led to hypoactivation in auditory and language regions (Kompus et al., 2011) ; however, several of these studies included nonverbal auditory stimuli. One possibility for these equivocal findings concerns the lack of reporting whether AVHs occurred during the scanning session in trait-based studies. Hyperactivity to external (verbal) stimuli may occur in the absence of AVHs, and hypoactivity in the presence of AVHs, but it is not possible to determine this without knowledge of whether participants were hallucinating during the session. Another interpretation is that an opti- 
| Limitations
One limitation of this study is that the verbal and nonverbal tasks used independent samples and study sites, leading to the possibility that site differences contributed to our interpretation of some of the results.
This also prevented us from directly comparing the conditions statistically; therefore, our comparisons of significant to nonsignificant results across tests should be explicitly tested in future research with a withinsubjects design. Although neuroimaging research is increasingly combining data from separate studies, a within-subjects design including experimentally controlled verbal and nonverbal auditory tasks would be more definitive. Another disadvantage of combining separate studies is the use of different assessment measures, which was the case in the current study for symptoms, though we attempted to equate the AVH group across tasks as closely as possible by including patients endorsing any degree of auditory hallucinations in the AVH groups.
Moreover, although all patients who completed the sentence task were confirmed to be experiencing auditory verbal hallucinations in the past week, this could not be definitively confirmed for eight fBIRN subjects due to the nature of using publicly available data. Future research examining the phenomenology of hallucinations in more depth would speak to the generalizability of these findings. Finally, the auditory oddball paradigm involves cognitive processes in addition to perception of nonverbal auditory stimuli (e.g., monitoring, vigilance), and is more commonly used in research on attention and salience detection, and not often in the context of AVHs. While a nonverbal auditory task with certain perceptual qualities matched to verbal material would be better suited to address our research question, the current secondary analysis leverages immediately available, publicly available resources to provide strong preliminary support for the notion that hypercoupling in speechrelated brain networks is specific to verbal material.
| Conclusion
The current findings provide evidence that hypercoupling in speechspecific brain networks in schizophrenia patients with hallucinations is specific to verbal material, an underlying assumption of several theories of AVHs in schizophrenia. It also supports previous research (Lavigne et al., 2015b) suggesting that, for schizophrenia patients with hallucinations, the expectation of exerting cognitive control attenuated both increased activation of networks involving temporal-frontal regions and increased reduction of DMN. From this, we can speculate that, clinically, expecting to control inner verbal thought processes may reduce hypercoupling in speech-related functional networks and reduce the likelihood of hallucinations. However, future research should attempt to replicate these findings using a within-subjects design with a dedicated nonverbal auditory condition, to determine whether this hypercoupling is a core feature of AVHs in schizophrenia. 
